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(57) ABSTRACT 
An optical structure with parallel faces, has a refrac 
tive index decreasing continuously from one face to 
the other. 

The structure is produced by reactive cathode 
sputtering of tantalum in the presence of oxygen. It 
makes it possible, by refraction, to render parallel 
light rays which enter at varying angles of incidence. 

5 Claims, 5 Drawing Figures 
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WAVEGUIDE COUPLER HAVING TRANSPARENT 
STRATIFIED STRUCTURE WITH PARALLEL 

FACES 

The present invention relates to an application of the 
principle of producing deposits under vacuo. 
This principle is as follows: 
in an evacuated enclosure, by a cathode-sputtering 

or by vaporisation, for example, a stream of particles of 
an element A is produced, and these deposited upon a 
substrate. 

If, during operation, there is simultaneously con 
densed upon the same substrate an element B capable 
of reacting with the element A to produce a chemical 
compound ABA, then it is possible in a large number 
of cases and by controlling the stream of particles B 
striking the substrate in relation to the stream of parti 
cles A, a deposit whose chemical composition is 
non-stoechiometric, varies between A and AB. It is 
thus possible, by regulating the stream of particles B, to 
produce a deposit whose refractive index varies be 
tween No, the index of A, and N the index of the stoe 
chiometric coumpound ABN. The controllable flow of 
particles B can be obtained either, if F is gaseous, by 
introducing the gas B into the enclosure at a partial 
pressure, or, as in the case with the stream of particles 
A, by cathode-sputtering or by thermal vaporisation. 
The invention relates a non-homogeneous plate with 

parallel transparent faces whose effective index at a 
given point is a predetermined function of the distance 
Z of said point to one of the faces of the plate, and the 
invention likewise relates to possible applications of 
this kind of structure. 
The invention will be better understood from a con 

sideration of the ensuing description and by reference 
to the attached drawings in which: 
FIG. 1 is a schematic view of a cathode-sputtering de 

vice for producing a structure in accordance with the 
invention; 
FIG. 2 illustrates the structure in accordance with the 

invention; 
FIG. 3 is an explanatory graph; 
FIG. 4 illustrates an example of a device utilising a 

structure of FIG. 2; 
FIG. 5 is a variant embodiment of the device shown 

in FIG. 4. 
FIG. 1 shows a cathode-sputtering apparatus, which 

will enable the structure in accordance with the inven 
tion to be produced. 

It comprises a sealed enclosure 1. In this enclosure 
there are arranged a cathode 2 made of the element 
which is to be atomised, and a metal anode 6 upon 
which the deposit is produced. The cathode is fixed to 
the enclosure by pillars 4. 
The anode 6 is attached to the enclosure by insula 

tors 5. A d.c. supply 60 has its negative terminal con 
nected to the cathode and its positive terminal to the 
anode. 
The enclosure contains an inert gas, for example ar 

gon, at a very low pressure. 
A pipe 7 containing a solenoid valve 8, is used to in 

troduce the reactive gas. This solenoid valve is con 
trolled by a programmer 9. 
The operation of the system is as follows: 
The programmer 9, as a function of time, causes the 

flow rate across the solenoid valve to vary in order, dur 
ing the atomising time, to obtain a continuously rising 
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2 
pressure in the reaction gas, from P1 to P2 at the end 
of the atomising operation, these two pressures being 
lower than the pressure P required for the stoechiom 
etric compound. 
By way of example, the element to be atomised is tan 

talum and the reactive gas oxygen. 
The structure obtained is shown in FIG. 2. This is a 

stratified structure composed of a mixture of tantalum 
and tantalum oxide. It takes the form of a wafer with 
parallel faces, with two terminal faces 10 and 11. It has 
the following optical property: 
Its refractive index is not constant throughout the 
thickness of the layer but is a function of the coordinate 
Z, perpendicular to the faces whose origin is a point 0 
on one of the terminal faces. 

In the case of tantalum, and taking an oxygen partial 
pressure P which rises from P to P, < P, the refractive 
index varies from n to n2, decreasing as the proportion 
of tantalum in the deposited mixture decreases, the re 
fractive index of tantalumn being equal to 3.3 and that 
of tantalum oxide N being equal to 2.2. 
The variations in N as a function of Z have been 

shown in FIG. 3. N varies from a value N for Z = 0, to 
a value N for Z = 1, 1 being the thickness of the wafer, 
which is of the order of 1 to 10 microns. 

If P is equal to 0, then N = n and if P = P, then 
N = N. The maximum range of variation is thus from 
3.3 to 2.2. In reality, P is close to P, tantalum not 
being transparent to visible light whilst tantalum oxide 
S. 

A wafer produced by this method is of considerable 
interest in the design of a device for coupling a light 
source to an optical waveguide, for example a set of 
glass fibres. 
Those skilled in the art will be well aware that wave 

guides of this kind are tubes of very small transverse di 
mensions, although large compared with the wave 
length to be transmitted, and that they will only trans 
mit light without any appreciable loss if, at their input, 
the light rays are substantially parallel to their axis. 
Hitherto, it has been difficult to ensure coupling of a 
light source to this kind of waveguide, under correct 
conditions. 
The device shown in FIG. 4 enables this difficulty to 

be resolved. 
The light source, not shown, will for example be a 

laser emitting a beam of strictly parallel light rays 13. 

These rays all arrive at the face 11 with the same 
angle of incidence i. They penetrate the layer after hav 
ing experienced refractions; the refraction angle is 
given by the relationship sin i = n sin r. 
Then, as they penetrate through the wafer, the re 

fraction angle increases since they are encountering 
layers of decreasing refractive index, and this continues 
until, at a penetration depth which is the same for all 
the rays, they are parallel to the axis of the wafer. All 
the rays have thus followed optical trajectories of the 
same length and their trajectories are derived from one. 
another by translations parallel to the longitudinal axis 
of the wafer. 
The optical fibre 14 is then applied on the terminal 

face 16 of the wafer, parallel to its axis, in the region 
where the parallel light rays refracted by the wafer are 
concentrated. This fibre is for example made of tanta 
lum oxide. 
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if it is not merely one optical fibre but a bunch of par 
allel fibres which are to be excited, then the variant em 
bodiment shown in FIG: 5 can be adopted. 

In this device, a bunch of optical fibres 15 is arranged 
at the output of the wafer. 
A lense 18 produces from a point source 17, a bunch 

of divergent light rays 19, the angles of incidence of the 
extreme rays it and is respectively, where i > i. 
The ray having an angle of incidence it enters the 

wafer at an angle approaching the normal and in fact 
at an angler which is smaller than the angler of pene 
tration of the ray i. It deviates from the normal as it 
continues its penetration, in accordance with the mech 
anism indicated hereinbefore, and becomes parallel to 
the wafer axis at a certain depth 11. 
The ray whose angle of incidence is i, will be parallel 

to the axis at the depth 1 > 1. All the rays will be con 
centrated at the output of the wafer, in the region com 
prised between the ordinate values 12 and 1. 
These optical fibres, arranged opposite said region, 

receive the light rays at the appropriate angle of inci 
dence. 
What we claim is: 
1. A transparent stratified structure with parallel 
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4 
faces, comprising layers of a mixture of one chemical 
element, and of a chemical combination of said one el 
ement with another chemical element, the proportions 
of said one element in said mixture decreasing continu 
ously from the one face to the other, in the same fash 
ion as the refractive index thereof, comprising a flat 
end face perpendicular to the two parallel faces, and an 
optical device for directing onto said face having the 
highest refractive index a light beam, a waveguide hav 
ing an axis perpendicular to said end face, being joined 
thereto, in order to receive the rays refracted in said 
structure, after they have acquired a direction parallel 
to said axis. 

2. A structure as claimed in claim 1, wherein said 
other element is a gas. 

3. A structure as claimed in claim 1, wherein said ele 
ment is tantalum and the combination tantalum oxide. 

4. A structure as claimed in claim 1, wherein the illu 
minating device produces parallel rays. 

5. A structure as claimed in claim 1, wherein the illu 
minating device produces a beam of divergent light 
rays. 
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